and the degradation of air quality (McMichael, 2000) . Consequently, air pollution has 49 become a public health concern, even when its levels fall short of current legislation 50 (Curtis et al., 2006) . 2013; Bentayeb et al., 2015) . The interaction between the sources of pollution and the 76 atmosphere defines the level of air quality, which in turn determines the occurrence of 77 adverse effects of air pollution on its receptors. In the Metropolitan Area of São Paulo, 78 for example, Martins et al. (2017) showed that the probability of higher concentrations 79 for CO, NO, NO2, PM10 and PM2.5 were more frequent during the winter, while O3 80 episodes occur most frequently during summer. Air quality monitoring aims to provide 81 data to trigger emergency actions during periods of atmospheric stagnation, assess air 82 quality in the light of established limits to protect the health and well-being of people, 83 enable a correct planning of the territory, and monitor trends and changes in air quality 84 due to changes in pollutant emissions. 85
Exposure to air pollutants is a risk factor for humans and many existing studies that 86 attempt to assess the relationship between air pollution and mortality use pollutant 87 concentration data from air quality monitoring stations (Pope III restricted and unsatisfactory in terms of sample history, territorial coverage, number of 91 monitored parameters and representatively in measurements, due to management 92 difficulties and the low number of technicians involved, as well as lack of resources for 93 the purchase and maintenance of equipment and monitoring networks (Brazil, 2014) . In 94 addition, the fine particulate matter is not yet nationally legislated. 95
Until 2017, there were 24 Brazilian cities with PM2.5 monitoring. All these cities were in 96 the southeastern region of Brazil. With measurements beginning in the year 2000 in São 97
Paulo city, the concern with this pollutant is increasing, and an annual increase in the 98 number of PM2.5 monitoring stations is noticed. For the first time, this study performs an 99 assessment of the number of total avoidable deaths attributable to a reduction in PM2.5 100 concentrations, considering the annual guideline established by the WHO (10 µg m -3 ) for 101 all 24 Brazilian cities during 2000-2017 years with the available monitoring data. These 102 results may be valuable to consider effective strategies to expanding air quality 103 monitoring in Brazil, to improve air quality and for the adoption of a national standard 104 for PM2.5, allowing policymakers to project the population health improvements. 105
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Materials and methods 106
Health Effects 107 The US EPA's Environmental Benefits Mapping and Analysis Program (Community 108
Edition; BenMAP-CE; v.1.3) (Sacks et al., 2018) is used to facilitate the analyses of 109 health effects. The inputs included a shapefile, the incident rates of the cause evaluated, 110 population data, a health impact function, baseline and control scenarios of the pollutant 111 evaluated. After acquiring the required data, the health effects were estimated using the 112 Equation (1): 113
where is the change in health effects incidence (deaths cases); 0 is the baseline 114 incidence (in this case, it is an estimate of the average number of people dying in a given 115 population over a given period); is the exposed population; , calculated by Equation 116
(2), is the effect estimated, derived from the relative risk (RR) associated with a change 117 in exposure as expressed in concentration-response function, and obtained from 118 epidemiological studies; and ∆ is the PM2.5 concentration change from baseline to 119 control scenario. 120
where ∆ refers to the change in air quality that the epidemiological study used for RR 121 estimation and which is commonly equal to 10 μg m -3 for fine particles. 122
As discussed in Section 4, there is no cohort study in Brazil relating to PM2.5 mortality. 123 Therefore, the number of deaths was estimated using concentration-response functions 124 based on most cited/used studies of long-term exposure to PM2.5 conducted on large 125 cohorts in Europe (Cesaroni et al., 2013) 
PM2.5 data 139
To estimate the health-related benefits, baseline scenarios were defined considering the 140 annual PM2.5 concentrations for all Brazilian cities with representative monitoring data. 141 Table S1 ). such as 25 to 29 years and 45 to 49 years showed a decrease of 7.5% and 5%, respectively, 277 over the years. Concerning mortality, the age group with more than 80 years old presented 278 the highest number of deaths, for all causes evaluated. The incident rate increases when 279 the populations get older. There is, for the most of age groups, a decline in incident rate 280 for all five causes over the years evaluated. An exception is, for example, an increase of 281 8% in the incidence rate for groups up to 44 years for cardiovascular disease. Other 282 increases also found were for the groups of 25 to 29 Campinas, further north of São Paulo city, also presented high values (more than double 343 of the average in these cities). It is worth pointing out that these two cities presented 344 annual PM2.5 concentration higher than São Paulo (Table S1) (2013) 5 (2) 6 (3) 4 (2) 3 (1) (2009) 75 (24) 52 (16) 27 (8) 40 (12) Cesaroni et al. (2013) 36 (16) 24 (11) 13 (6) The accuracy of the estimated air pollution impact on health in a specific city, region or 391 country depends on air pollution concentrations and exposure, population groups 392 exposed, background incidence of mortality or morbidity, and concentration-response 393 functions. The choice of which health outcomes to include in the assessment may be 394 determined by the strength of available studies, the accessibility of health information, 395 and the importance of the impact from a health and economic perspective (WHO, 2006) . 396 However, the decision on which epidemiological studies to use and how to apply them to 397 evaluate the health impact assessment is left to the analyst. importance of a monitoring that covers several areas, and, in terms of emission control 507 strategies, the entire metropolitan region should be considered. 508
The increase in the elderly population observed has also consequences and implications 509 for society and public health. The vulnerable population have higher incidence rate and 510 therefore are the ones benefitting the most from an improved air quality. It is also 511 important to have an air quality database available and up-to-date so that the population 512
can have access to current and past levels of pollutants, both for the conduct of research 513
and to serve as a public policy instrument. 514
Conclusions 515
Adopting the WHO's PM2.5 annual air quality guidelines, between 2,378±801 and 516 6,282±1,818 deaths due to all causes could be avoidable in 2017 in just 15 evaluated cities 517 in Brazil. These numbers show the importance of adoption of a PM2.5 guideline in Brazil 518 and improving the monitoring of air quality, expanding throughout the national territory. 519
As PM2.5 is also produced via secondary formation in the atmosphere (Seinfeld and 520 Pandis, 2006) , reducing the concentration of other pollutants may result in a decrease of 521 the PM2.5 formation. Policies and investments supporting cleaner transport, power 522 generation, industry emissions control and better municipal waste management would 523 reduce key sources of fine particles and reduce the exposure. 524
The accuracy of results depends on air quality data, exposed population, concentration-525 response functions and mortality incidence rates. The population and mortality data were 526 obtained from a national database. Therefore, the results are expected to be affected by 527 the air quality data and concentration-response functions. It was used a single annual 528 PM2.5 concentration to represent each city. But it is known that there are large variations 529 in concentration across different geographic and meteorological areas, even within a city. 530
For some cities, there was more than one monitoring station, which makes the value 531 obtained more representative, including the local traffic emissions and long-range 532 transport contributions. However, in other, as Belo Horizonte, just one monitoring site 533 was available, sometimes far for the urban center. Therefore, the concentration value 534 obtained may not represent the real mean concentration for the city but is still an indicator 535 of local pollution and may represent a minimum value that would be found in the urban 536 center for that city. As an alternative for monitoring data is the use of photochemical 537 models, as CMAQ and WRF-Chem, for example. However, an emission inventory with 538 high spatial resolution is required, as a well-described meteorological field. In addition, 539 the modeled results must be validated with monitoring concentrations and the effect of 540 spatial resolution must be evaluated (Punger and West, 2013; Jiang and Yoo, 2018) . 541
The actual impact of air pollution on health presented here shows the importance of 542 adopting more restrictive air quality standards. Such information is essential to 543 implementing, monitoring and evaluating policies that help to tackle air pollution while 544 also protecting health. Therefore, a review of the nation Brazilian air quality standards is 545 necessary, as the inclusion of pollutants not yet legislated, as PM2.5. The importance of 546 using local cohort studies to estimate health benefits is also recorded. Unfortunately, in 547
Brazil, long-term cohort studies for PM2.5 are non-existent. 548 
